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The deposition of wax is a common occurrence affecting the flowability of crude oil, which happens at 
a temperature beneath the Wax Appearance Temperature. At this threshold, there is a gradual 
accumulation of crystals wax on the inner surface of pipelines. In this research, the previous studies 
on the effects of residence time, pressure, flow rate, crude oil composition, and temperature differential 
were carefully enumerated. On the overall, the differential temperature across the pipeline wall and 
crude oil inside it were considered as the most critical factor contributing to wax deposition. The result 
from different studies had argued out the effect of significant temperature differential as a leading 
cause of wax deposition reduction. Also, there is conflict among many researchers on whether the flow 
rate could result in a reduction in the amount and thickness of deposited wax. However, the wax 
deposition increases with an increasing resident time up to a particular time, after which the wax 
deposition experiences a downward trend. On the contrary, most researchers indicated that pressure 
is not a significant factor of wax deposition, but the conclusion that obtained through this research 
shows the opposite. Despite these, additional works are required in acquiring substantial results for 
more accurate as compared with the real-life crude oil flow in the pipeline. 
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The crude oil is a complex mixture that comprises of different 
hydrocarbons such as aromatics, asphaltenes, resins, and paraffin 
waxes (Chen et al., 2009; Duarte et al., 2016; Kasumu et al., 2013). 
The midstream division of the oil and gas industry principally relies on 
the guaranteed flow of raw petroleum from upstream to the downstream 
segment containing a comprehensive range of hydrocarbon segments 
(Litvinets et al., 2016; Santos et al., 2014). Moreover, the issues of the 
flow assurance, for instance, hydrates (Chong et al., 2016; Daraboina 
et al., 2013), asphaltenes (Cenegy, 2001; Mullins, 2008), and wax 
deposition (Chi et al., 2016) have exposed critical problems that disturb 
transportation of the crude oil. The paraffin waxes are predominantly 
responsible for the process of wax deposition, which separated from the 
raw petroleum and start to aggregate on the internal surface of the 
transporting pipelines at a temperature below the Wax Appearance 
Temperature (WAT) (Al-Sabagh et al., 2017; Wang et al., 2003). The 
crystallization process of paraffin can lead to critical problems in the 
storage, production, and transportation because of loss in the flowing 
ability of crude oil as well as increasing in the crude oil viscosity and 
some cases lead to blockage in the pipeline (Al-Sabagh et al., 2009; 
Jung et al., 2011; Yao et al., 2016). The issue of wax deposition is a 
sophisticated and costly challenge for crude oil production and 
transportation, particularly in off sure oil field as the temperature of the 
seabed is about 40 °F, (Huang et al., 2016; Wang et al., 2019) which 
affords a noteworthy thermal driving force for the wax to precipitate. 
These days, the offshore reservoirs represent practically fifty percent of 
the sedimentary basins, for instance, West Africa, the Gulf of Mexico, 
and China Sea (Aiyejina et al., 2011). 
 
Fig. 1 Research publications on “Wax Deposition” based on data 
obtained from Scopus & Web of Science database on February 1, 2020. 
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As shown in Fig. 1, important consideration has been made on the 
wax deposition researches as time continues, the first recognition of 
wax deposition issue was in 1923 and mindfulness has been expanding 
exponentially from the 1980s as of recently. Accordingly, noteworthy 
expenses of OPEX and CAPEX has been consumed by oil 
organizations on the mitigation and prevention strategies to guarantee 
the crude oil flow (Chi et al., 2019). Therefore, agglomeration of wax 
is considered as the most significant challenge encountered in 
production, transportation, and refining of raw petroleum at low-
temperature ambient conditions (Akinyemi et al., 2016).  
There are myriads of factors affecting the wax precipitation in the 
crude oil pipeline from the fluctuation of crude oil solubility in relation 
to temperature differentials. Additionally, other factors, such as the 
composition of the oil with existing solution gas and crude oil pressure, 
influences wax deposition in a crude oil pipeline, as reported by Zhu et 
al. (2008). Factors such as time, flow rate, thermal history, completion, 
and pipe or deposition surface roughness also impact on the deposition 
of wax in petroleum pipelines as explored by many researchers 
(Kasumu, 2014; Leontaritis and Geroulis, 2011; Nazar et al., 2005; 
Noville and Naveira, 2012; Tiwary and Mehrotra, 2008). 
The main goal of this review is to deliver an overview of how the 
operating factors influence on the wax deposition issue in the crude oil 
pipeline. Even though significant study efforts have been expended on 
this subject, no satisfactory agreement has been achieved within the 
available literature.  This review article will also touch on several points 
regarding how these factors control the wax deposition issue and 
understanding its future application. 
FACTORS AFFECTING WAX DEPOSITION 
 
This section lists and demonstrates the core factors that affect and 
control the wax deposition process in crude oil pipelines such as 
temperature differential, flow rate, experimental time, pressure, and 
crude oil composition.  
 
Temperature differential  
The depositions of wax on the pipeline wall took place when the 
temperature of crude oil declined below the wax appearance 
temperature. An increase in the temperature difference between the 
bulk solution and the cold surface of the wall leads to an increase in 
wax. The temperature differential is therefore considered as one of the 
most contributing factors influencing wax deposition in crude oil 
pipelines. According to Kelechukwu et al. (2010), an escalation in the 
temperature difference between the bulk solution and pipeline wall will 
lead to a corresponding reduction in the wax deposition. This was 
corroborated by Mahto and Kumar (2013), who reported a decline in 
the wax deposition with the rising temperature differential, as presented 
in Fig. 2.  
. 
 
Fig. 2 The effect of temperature differential on wax deposition (Mahto 
and Kumar, 2013) 
Moreover, a similar relationship was observed in previous studies 
between the deposition wax and difference in the temperature of the 
pipeline wall and crude oil (Bott and Gudmundsson, 1977; Haq, 1978; 
Wang et al., 2015). 
However, these outcomes conflicted with what has been reported 
by who reported an increase in the precipitated wax when temperature 
difference in the increases (Kelechukwu et al., 2010; Mahto and 
Kumar, 2013). 
The findings observed in this study reported previous studies that 
examined the decline in the crude oil temperature as wax deposition 
increases even when the temperature of crude is above the wax 
appearance temperature. Firstly, when the wax starts to precipitate on 
the pipeline wall, the rate of deposition is slightly high, nevertheless, 
after a while, the rate of wax deposition slows down, and the wax layer 
thickness will rise (Ahmed, 2018; Creek et al., 1999; Leontaritis, 2007).  
Moreover, the wax is deposited in smaller and larger crystals, and 
this is due to the high availability of the crystallization positions at the 
higher cooling rate. The quantity and dimensions of the crystals formed 
are considered as a critical factor in a wax deposition.  
 
Fig. 3 The effect of temperature differential on wax deposition (Tin = 22 
oC, Time= 1 hour) (Nazar et al., 2005) 
On the contrary, the procedure of crystallization is patterned orderly 
when the cooling rate is low, so the crystals formed are more orderly 
with characteristics free energy and surface area (Sanjay et al., 1995).  
Kang et al. (2014) reported that the composition of the precipitated 
wax is affected by the temperature differential. Thus the cooling rate is 
higher when the temperature differential is high, and lower melting 
waxes crystallize concurrently, thus creating a weak, porous structure 
with the cavities full of oil, as illustrated in Fig. 3. 
Flow Rate 
The flow rate in the crude oil pipeline is another important affecting 
the wax deposition, as reported in previous studies (Kang et al., 2014). 
Many of them opined that the rate of wax deposition wax reduced as 
the flow rate in the pipeline increases, as illustrated in Fig. 4. 
Furthermore, the viscosity of the deposited wax declined with an 
increasing flow rate during the isothermal condition, as pointed out by 
Perez (2002). Jennings and Weispfennig (2005) Investigated the impact 
of shear on wax deposition, and the results show a decrease in the 
precipitated wax. The results from Cabanillas et al. (2007) 
investigations demonstrated that in laminar flow, the thickness of the 
precipitated wax declined when the flow rate rises. Kelechukwu et al. 
(2010) concluded that rising the flow rate to turbulence flow leads to a 
gradual reduction in the deposited wax. Swivedi et al. (2013) noted that 
an increase in the shear stress leads to a reduction in the wax deposition 
thickness as corroborated by other researchers. 
Additionally, a similar trend was enumerated by Mahto and Kumar 
(2013) at a steady-state level of temperature differential and resident 
time. The precipitation of wax rises with decreasing flow rate in the 
laminar flow, and this is due to the increase in the accessibility of the 
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wax particles deposit on the surface. Whereas, the precipitated wax 
decline gradually when the flow rate changes to a turbulence flow 
because of the predominant shear dispersion in the turbulent flow 
phases as reported by Theyab (2018). This can be clarified based on 
viscous dragging, which rises due to the expanding speed of the liquid, 
which acts as a resistance force to the fluid flow. The viscous drag 
causes the wax precipitated layer to be less in thickness due to the 
increased shear stress.  
 
Fig. 4 The effect of flow rate on the wax deposition (Junyi and Hasan, 
2018)  
Jessen and Howell (1958) demonstrated that the rate of wax 
deposition differs with a flow rate, which attained the maximum 
quantity immediately as it changes to turbulent flow and then decreases 
when increasing the turbulent flow. Creek et al. (1999) opined that the 
deposition rate falls with increasing flow rate, rather than rising as 
indicated by present deposition simulation tools for turbulent and 
laminar flow. Nazar et al. (2005) reported that the amount of deposited 
wax increased due to an increase in the flow rate, and this continues 
until the critical flow rate is attained. Panacharoensawad and Sarica 
(2013) further indicated that the thickness of wax deposition during 
high flow rate could be thicker than the lower flow rate during the flow 
loop experiment. However, Kang et al. (2019a) reported that the 
increase in a wax deposition from an increase flow rate could be 
attributed to the volume of crude oil-injected containing an excess of 
wax, as presented in Fig. 5.  
It can, therefore, be concluded that the wax crystals have the ability 
to stick on the pipeline wall because of their high cohesive properties. 
This invariably results in the breaking of crystals wax into little 
particles, which leads to a decrease in a wax deposition, thereby 
limiting its adhesion to the pipeline surface. On the contrary, wax 
crystals which adhere at high flow rate are relatively stiff and tightly 
coupled because wax crystals are able to adhere firmly on the pipe wall 
and so challenging to remove. In view of these, one may conclude that 
most of the existing researches demonstrated a decline in wax thickness 
as the flow rate increases even with the laminar flow. 
 
Fig. 5 Volume of wax deposition thickness based on the flow rate (Kang 
et al., 2019a) 
Experimental time  
The residence time for crude oil in pipelines is considered as one of 
the critical variables impacting the wax deposition. The wax deposition 
increases gradually throughout the two hours of examination, and this 
could be attributed to the fact that most of the liquefied paraffin in the 
oil is deposited on the pipeline surface. However, despite the decreasing 
amount of paraffin in the crude, the deposition of wax is expanded 
somewhat with a rise in the residence time (Hammami and Raines, 
1997; Kasumu, 2014). Moreover, there is an insignificant rise in the 
mass of deposited wax after 4 hrs. of experimentation, and this is 
because the more significant part of the crude wax particles has 
precipitated on the pipeline wall (Kasumu, 2014; Tiwary and Mehrotra, 
2008). Kelechukwu et al. (2010) reported that an increase in residence 
time leads to a corresponding increase in the wax deposition at a steady-
state level (Fig. 6). However, the wax deposition continues until the 
number of deposited wax drops with increasing residence time. 
Additionally, the higher loss in temperature occurred due to the 
residence time, which made the wax to be stored on the pipe wall. 
Mahto and Kumar (2013) obtained a similar trend in their investigation 
at a high residence time. The above results are in agreement with 
previous studies (Bott and Gudmundsson, 1977; Haq, 1978; Junyi and 
Hasan, 2018; Towler and Rebbapragada, 2004). In the downstream 
section of the petroleum industry, the deposition of wax increases with 
a constant supply of fresh crude. Moreover, the majority of studies were 
conducted using the closed-loop system, and this indicated that there is 
no continuous flow of fresh crude oil through the pipeline. Therefore, 
after a longer residence time, the wax deposition will decrease due to 
thermal insulation from the wax deposition layers. The previous studies 
indicated that after 30 min, the mixture attained a thermal pseudo-
steady state (Hoteit et al., 2008; Theyab, 2018). 
Pressure 
There is undeniable evidence that the crude oil is trapped inside 
reservoirs and transported through pipelines is done under high 
pressure, with the surrounding pressure of paramount importance 
(Aiyejina et al., 2011; Li et al., 2012). Due to the limitations of the 
existing measurement strategies, few studies considered the effects of 
high pressure on the flowability of crude oil (Velusamy et al., 2017; 
Webb et al., 2014). 
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Fig. 6 The effect of time on wax deposition (Kelechukwu et al., 2010) 
There is a pressure drop during the process of extracting crude oil 
from the reservoir, leaving behind light hydrocarbons. Kang et al. 
(2019b) reported that the deposited wax on the pipeline's inner wall rise 
the surface roughness and decreases the effective diameter while 
increasing the pressure loss. The wax appearance temperature (WAT) 
is typically distinctive for every crude oil sample, and this is subject to 
the composition and pressure of the crude. 
In addition, crude oils are usually deposited in the reservoir or 
transported under high pressure in pipelines. The ambient pressure is 
also of greater significance in the event of deep oil spills (Li et al., 2012; 
Magda et al., 2013). Because of the limitations of the existing 
measuring techniques, few researches have been conducted on the 
flowability of oil at high pressure (Velusamy et al., 2017; Webb et al., 
2014). As literature reports, during the transporting the crude oil under 
high pressure the oils demonstrate persistence and the modules rest 
rapidly. It shows that high pressure leads not only to the high viscosity 
of oils, but also to a non-Newtonian behaviour (Mortazavi-Manesh and 
Shaw, 2016). Furthermore, at atmospheric pressure, the cold 
flowability of crude oils and the effectiveness of chemical additives on 
the wax deposition, including the rheological and wax crystallizing 
characteristics, have been intensively researched to date. (Li et al., 
2011; Xu et al., 2013). Nevertheless, the effect of polymeric flow 
improvers on the flowability of crude oil has rarely been investigated 
under high-pressure condition. At ordinary pressure, polymeric 
additives that are active as a wax modifier or pour-point depressant 
(PPD) may combine with crystallized wax, disrupt the process of wax 
formation by preventing crystallized wax from being bound to large 
agglomerations. 
Furthermore, the concentration of light hydrocarbons such as 
ethane, methane, and other gases like CO2 and N2 have a significant 
impact on the wax appearance temperature (WAT). These components 
act as solvents for wax in the crude oil. A drop in pressure results in the 
release of light hydrocarbon to the gaseous phase, which consequently 
results in a corresponding reduction in wax solubility due to the decline 
in light hydrocarbon. This results in wax precipitation on the pipeline 
wall due to pressure decrease (Kristine, 2012). However, most 
researchers indicated pressure as an insignificant factor responsible for 
wax deposition, particularly for crude oil stored in tanks and dead oil 
(Lashkarbolooki et al., 2010; Valinejad and Nazar, 2013). The effect of 
pressure should, therefore, not be neglected because it helps in raising 
the solubility of wax in the oil, leading to a decrease in the wax 
deposition (Theyab, 2018). 
Crude oil composition 
Crude oil is a complex mixture of different homogeneous organic 
compounds such as asphaltenes, aromatic, resins, saturated 
hydrocarbons, and other hetero-functionalized compounds like oxygen, 
nitrogen, and sulfur (Chen et al., 2018). Moreover, 
some substances derived from crude oil have been molecularly studie
d. For instance, the aromatics compounds comprise several of very low 
polar hetero compounds, such as benzo thiophen, dibenzothiophenes, 
and dibenzofurans (Chen et al., 2018; Honse et al., 2012). Also, there 
are porphyrins and carboxylic acids in different groups of oxygen, 
nitrogen, and sulfur that are found in resin fractions (Ramirez-
Corredores, 2017). However, Many researchers proved that the 
composition of crude oil as a significant factor affecting wax deposition 
in terms of viscosity and pour point reduction coupled with the 
concentration of light ends and paraffin in the crude (Gomez et al., 
2013; Valinejad and Nazar, 2013). The presence of water in the crude 
composition has, therefore, been observed to reduce wax deposition, 
(Couto et al., 2008; Li et al., 1997). The molecules in crude oil can be 
divided into light and heavy molecules. The light particles are usually 
responsible for the formation of solid hydrate, while massive particles 
such as iso-paraffins and linear alkanes change phase into macro and 
microcrystalline solid (Theyab, 2018). Hence, crude oil composition 
impact on the structure and morphology of wax crystals (Yi and Zhang, 
2011). 
Since waxy crude has the capability to produce waxy crystals, the 
transport of crude oil is highly difficult due to the presence of a 
crystalline solid layer. In general, a sample of crude oil that contains 
over 5% wax is referred to as a waxy oil and the researches shows that 
only 2-4% wax is enough to form waxy crystals at temperatures beneath 
WAT of the sample (Zhang and Liu, 2008). The crude oil composition 
is made of varying rheological features such as pour point and viscosity, 
to varying degrees from the low temperature. The wax crystals will 
precipitate out of crude oil if the temperature drops to a certain degree. 
Wax crystals are fused into a 3-D network structure, the fluid 
components of crude oil are enclosed, thereby worsening, or even 
losing fluidity of crude oil (Chen et al., 2013). Hydrogen bonds 
between molecules of resin and asphaltenes are the average relative 
molecular mass of the largest and most polar components in crude oil 
which is responsible for high viscosity of crude, making it more 
complex to extract and transport crude oil (Chen et al., 2013). 
Asphaltenes considered as one of the polar and heaviest compounds in 
crude oil consisting of fused polynuclear flavourings, alkyl chains, and 
heavy metals like Nickel and Vanadium, with the highest degree of 
aromaticity and polarity. In addition, asphaltenes are available in three-
dimensional form because of strong intermolecular forces like π- 
bonding and hydrogen bonding interaction (Murgich, 2002). The 
relationship between crude oil components is very critical for the 
transportation and exploitation of crude oil. Therefore, if the interaction 
between the crude oil compounds has been studied clearly, the producer 
may foresee the crude oil flow and precipitation of wax, thus avoiding 
poor fluidity issues of crude oil and taking timely preventive steps. 
Nevertheless, insufficient studies have been done on the interface of 
crude oil elements, in particular the impact of crude oil compounds on 
the crystallization of crude oil waxes. 
CONCLUSION  
A detailed literature review on the operating factors influencing the 
wax deposition in the pipeline has been carefully enumerated in this 
study. Factors such as temperature differential, residence time, 
pressure, flow rate, and crude oil composition were discussed. It has 
been concluded that the temperature differential between the crude oil 
and pipeline is the most critical factor in a wax deposition. However, 
there is l uncertainty as to whether temperature differential and flow 
rate increase could lead to a decline in the wax deposition. 
Moreover, as the residence time escalations, the amount of wax 
deposition increases until it reaches a critical peak value before 
experiencing a steady decline. Additionally, the crude oil composition 
factor affects the structure and morphology of the wax crystals may, 
and this is because of the accumulation of some light and heavy 
molecules. Finally, the pressure was not considered as a significant 
factor responsible for the deposition of wax, most notably for dead oil 
in storage tanks. However, the impact of the pressure on the deposition 
of wax should not be ignored; this is because the pressure helps in 
raising the wax solubility in the oil, leading to a reduction in a wax 
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deposition. Further studies are therefore recommended in order to 
achieve an accurate result comparable with the real-life flow of crude 
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